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Introduct ion N

Directmethanol fuel cells for poitable power applications have been advanced significantly under
D ARPA- and Al<C)-sponsored programs over thelast five years. A liquid-feed direct methanol
fuel ccll developed under these prograims, cmploys a proton exchange membranc as clectrolyte
and operates on aqueous solutions of methanol with air or oxygen as the oxidant . Power densitics
as high as 320 mW/cm? have been demonstrated. Demonstration of five-cell stack based on the
liquid-feed concept have been successfully performed by GinerIne, and the Jet Propulsion
Laboratory. Over 2?2000 hours of life-testing have been completed onthese stacks. These fuel cells
have been also been demonstiated by USC  to operate on alternate fuels such as
trimethoxymnicthane, dimethoxymet hane and tiioxane.  Reduction in the parasitic loss of fuel
across the fuel cell, a phenomenon ternmed as “fucl crossover™ has been achieved using polymer
membranes developed at USC. As a 1esult efficiencics as high as 40% is considered attainable
with this type of fuelcell.  The stale- (, f-(Iciclcll, rl)cilt hasicached a pointwhereitis now been
actively consideied for stationary, portable and ttansportation applications. The research and
development issues have beenthe subject of several previous articles [ 1 -5] and the presentaiticle
is an attemn pt to summarize the key advances in this technology:.

The Liquid-Feed Direct Methanol Fuel Cell

The heart of the fuel cell is a membrane-clectrode assembly consisting of  two catalyzed
clectiodes bonded to either side of a proton-exchange membrane similar to that used in the low-
temperature hydrogen-oxygen fuel cells. Nafion | 1 7 is an example of such a membranc. The
anode cmploys platinum-rutheniivim as the catalyst and sustains the electro-oxidation of methanol
to carbon dioxide. The cathode employs platinum as the catalyst an sustains the clccllo,-reduction
of air/o xygen to water. During operation, an aqueous solution of methanol ( about’3 viv %) is
circulated past the anode. The carbon dioxide produced at the anode is separated from the liquid
sticam and the solution is re-circulated The fuel cell hasbeen operated over between15¢ anti
120°C, the efficiency and power densitics being higher at the higher temperatures. The typical
operating point for many applications could be mithe range of 50- 957, The fuel cell can operate
at ambient pressure ‘The overall simphcity of this conceptrendets this fuel cell very attractive
from a system perspective. A demonstiation of the system concept for 1) ARPA applications is
now in prog tess at JP1, arid Ginetluc.  Brie{ly, the per formance of these fuel tills is determined
by the activity of theanode catalyst, the methanol permeability and ionic conductivity of the
membranes, cathode structure.s and method of prepatation of membrane-c lectrode assemblics.
Advances in each of these areas Icading to the cutrent levels of performance arc summarized in
the follow ing.
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Anode Petformance:

Platin um-r utheni um is found to be the most efficient catalyst fot the electro-oxidation o
mecthanol. These catalysts usually consist of an alloy of platinum-ruthenjum with small amounts
of oxide in a reduced state and the best performance is found (0 be attained when the composition
corresponds to a moleratio of 50:50 ( Pt:Ru). Catalysts separately prepared at the JetPropulsion
[.aboratory and Giner Inc., by quite diffecrentmethods have been found to have similar
performance. Significant improvements in catalyst perfonmance and utilization have been by
modifications of preparation procedures. ‘These catalysts are resistant to poisoning unlike pure
platinum catalysts. The anode polarization curves for various concentrations crf methanol have
been derived from full cell performance data and demonstrate that wry high cunient densitics arc
possible al the anode using platinum-ruthenimn catalysts, The typical operating clectiode
potential for the anode is inthe range of 0.35-(),38 V for 400-500 mA/cin? at 90°C. Also, these
results demonsts ate that per for mance o f the anode at high current densitics  is limited
sipnificantly by the mass ttansport of methanol rather than the activity of the catalyst. This
situation presents a significant advance ovet the priot-att methanol fuel cells which could not
operate ata tenthof the present power levels, Since mass transport of methanol and the Kinctics
of oxidation arc enhanced by increasing tempcerature, highet peiformance can be attained by
increasing the operating, temperature of the fuel cell. The typical operating point for most
applications is in therange of 55-95°C.

Cathode performance:

The cathode can be operated on air/foxygen. The fuel cells arc capable. of operating on air at
ambicnt pressutes. Figure | shows the typical per formance differences for operation on air and
oxygen.

[X]
axidantat $ Liwin i
07 I M mcthanol, Nafioa 117
f\ PRy 2-3 mglon’, 270 2°
5 i - . '
:,- oe | S el : . i
;(‘, } T avygen 900 C, 2 Satm
Los |
5 : -
i

o o~

A 902 Sam T e

o 200 400 (200 A [ILEY)

CURRENTDENSTEY mA/en®

Figure 1. Pesformance o f direct methanol fuel cell operating on air and oxygen

Curient densitics as high as 600 mA/cm? canbe sustained cm near-anlbicrlt pressure air. These
results present significant improvement over the prior-art fucleells based on methanol. From the
point of the lowering overall system size and increasing system efficiency, the operability on
ambient pressure air at stoichiometric rates of less than five is very important. The petformance
of the cathode is dependent on the flow rate of air.  This petfor mance characteristic is caused by
the differences in the tate of temoval of water produced at the cathode at various flow rates. The
use of thin hydrophobic backing layers, ultia- tin catalyst layers and modificd flow fields arc
found 10 have a beneficial effect on the performance of the cathode and are cuttently being,
pursued by JPL and G iner Inc.

Membranc-Electrode Assemblies:

The key step in the method of preparation o { membi anc-clecti ode assemblics for this type of fuel
cell involves the formation of a catalyst-membt ane  intetface  that presents a  laige
clectiochicmically active surface arca and high protonic conductivity.  Typically, tile preparation
of such membr ane-electrode assemblies involve the formation of composite electiode layers
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consisting of catalyst and proton-conducting, matetial arid hot-bonding, of” these layers to the
proton-exchange pembrane such as Nafion 1 [ 7. Considerable differences in petformance can
atise from the methods employed. Enhanced perforinance of direct methanol fuel cells arising,
from the directapplication of catalyst 10 the membrane arc shownin Figure 2.
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Figure 2 . Performance of direct methanol fuel cell with reduced loading, and improved process
for fabricating, membrancclectrode assemblics.

These new methods allow the formation of ultra-thin catalyst layers resulting in iimproved mass
transfer and increased catalystutilization.

Methanol Crossover:

Methanol crossover from the anode tothe cathode results in consumption of fuel and also impacts
the petformance of the cathode causing the cellto operate at a lower overall efficiency. The
crossovertate is largely determined by the permeability of the membrane and electrode structures
to methanol. Nafion- 1 1 7 present high ionic conductivity but is also highly permeable to
methanol. Nafion membranes with higher cquivalent weight have usually lower methanol
permeability but also reduced ionic conductivity.  ‘Thus the development of membranes with low
methar ol permeability with high tonic conductivity has been an unportant eftort. The recent
tesults from USC demonstt ate that such membranes can be developed. Figure 3 presents data on
the relative metha nol permeability of new nieru branes and Nafion 117, Th ese new membrances
also possess the highionic conductivity of Nafion 1 1. The new membranes are expected to be
less expensive than the state-of-art Nafion membranes. The implementation of these membranes
into actual fucl cells is being curtently pursued at JPL. and the initial results show (hat the
clectiicat perfor Inane.c approach thatattained with Nafion.
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Figure 3. Relative methanol permeability and crossover 1ates observed with Nafion and newly
developed membranes




NARAYANANET Al
Stacks and Systems:
[ive-cell stacks iave been demonstratedat (1L 2.() and 100 W level by 3} 1L and Giner Ine.,
tespectively withan aim 10 study stack designs and obtain paramctric data on reactant flows and
productmanagementin order to be able 10 achicvea Systemconcept demonstiation at the end Of
December 1996, Performance data on five-cell stacks and membrane-clectrode assemblies
developed at JPL. arc presented in Figure 4
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Figure 4. Performance of S-cell JPL-built direct methanol fucl cell stack at ambient pressure

This data shows the scalability of single celltechnology (o ulLliti-cell stacks. The development of
a22-cell 60 W stack is presently being pursued for por table power applications. System sizing
and thermal management studies are currently under way at 3} 1. and Giner Inc., and power
densities in the range of 100W/ kg, appcar attatnable for complete systems.

l,ifct('slingof fuel cells:

Opcration of a five-cell stack overpeiiods extending over 2400 hours has been carried out at
Giner Inc. The performance dots not show any siguificant decline over this period. Continuous
operation at high power densitics for 200 ho urs at 90°C also indicate no significant concern
telating, to short-term degradation.
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